Introduction
Climate change is an urgent problem with implications registered not only globally, but also on national and local scales (IPCC, 2007) . It is also a Òwicked problemÓ that seems too abstract to many people (Cohen et al., 1998) . It was the purpose of our study to overcome these barriers by developing and testing interactive visualizations of local climate change impacts and actions that can be implemented to highlight the connections between cause and effect; i.e. to localize, visualize and connect (Sheppard, 2012) . In this paper we analyze the effective use of interactive images within the virtual environment of Future Delta, a time-forward 3-D visualization and simulation educational game that aims to foster communication, motivate action, and promote behaviour change among its players (Dulic et al., 2011) . Future Delta localized the impacts of climate change by situating the imagery of the game in a recognizable neighbourhood of the flood-prone municipality of Delta, British Columbia, Canada. In addition, future scenarios were based on identifiable impacts related to the Delta area, with consequences that could inform local communities. Future Delta visualized climate change by combining climate change modelling, socioeconomic scenario analysis and 3D modelling of real places with engaging soundscapes and imagery.
These multimedia images and interactive tools tried to make climate change science and solutions more salient and understandable to the layperson (Nicholson-Cole, 2005; Slovic et al., 2002) . Finally, Future Delta connected communities through experiential learning in an interactive virtual environment. Through engagement in the game environment, different constituents had access to climate science, adaptation and mitigation solutions, locally relevant 3D images and future scenarios. Building on the local climate change visioning project led by Stephen Sheppard at the Collaborative for Landscape Planning, the 3D game was designed and tested in Kelowna at the Centre of Cultural and Technology under the direction of Aleksandra Dulic.
The aim of the evaluation of the Future Delta prototype 1 was threefold: first, to analyse the effectiveness of interactive 3D imagery and multimedia for communicating and motivating action on climate change; second, to evaluate player interaction and game 1 http://futuredelta.ok.ubc.ca play for further game design and refinement; third, to test the best practices for evaluating game environments for educational purposes. The follow-up study of Future Delta 2.0, scheduled for 2013 to 2017 will build on, adjust and refine the study parameters established in the first round of testing with a much larger sample. In this paper we primarily focus on the first objective of this study: Is interactive 3D imagery within a game environment effective in increasing the perceived understanding of local climate change issues and actions? Does playing a climate change game in a virtual environment increase a sense of local and individual responsibility? Can 3D imagery and virtual gaming contribute to a change in attitude and behaviour?
Building on Leiserowitz (2006) , this paper refers to images as time based, animated and computer generated simulations of audio-visual representations in an interactive game environment. Future Delta used an interactive 3D game environment that visualizes local climate change challenges and solutions as a means to increase awareness and motivate support for policies on adaptation and mitigation strategies
Making the Invisible Visible: Communicating Climate Change through Interactive Images
Today, there is consensus within the scientific community about the anthropogenic causes of climate change, its severe consequences and the need for mitigation and believe that their personal actions could make any difference, 6) complexity and uncertainty, 7) lack of strong social or political signals and the lack of leadership and 8)
self-interest of many powerful forces to maintain the status quo. At least three of the temporal and visibility challenges Moser identifies could be addressed through climate change visualizations and future scenarios in an interactive game environment: The game would allow players to make decisions and then collapse time by travelling decades into the future to see the consequences of their choices. In the future scenarios players would visually learn about the far-reaching climate change impacts of their previous choices or the long-term benefits of their mitigation measures.
In three case studies in the UK, in areas which had been struck by severe flooding, Whitmarsh et al. (2011) and Lorenzoni et al. (2007) identified similar barriers to climate change communication: Individual barriers (lack of knowledge; uncertainty and scepticism; distrust in information sources; externalising responsibility and blame; reliance on technology; climate change perceived as a distant threat; importance of other priorities; reluctance to change lifestyles; fatalism; and helplessness) and social barriers (lack of action by governments, business and industry; Ôfree rider effectÕ; pressure of social norms and expectations; and lack of enabling initiatives). Doyle (2007) discusses the inherent challenges of communicating climate change through photography, for example the use of historic photos to picture a future phenomenon results in the complexity of climate change impacts remaining invisible.
The Existing Iconography of Climate Change
The standard approach has been to look for universally recognizable icons that symbolize climate change, such as glaciers and palm trees which have been popular representational motifs in landscape painting and photography (Bršnnimann, 2002 (DeLuca, 2009; Hulme, 2009; O«Neill and Nicholson-Cole, 2009; Doyle, 2007; Leiserowitz, 2006; Slocum, 2004) . Hulme (2009) summarizes the debate and highlights the criticism that the polar bear icon, Òthe Ôposter-childÕ of climate changeÓ will only reach recipients who are interested in polar bears. Furthermore, the ecological foundation for the relationship between polar bears and climate change is contested (Lomborg, 2007; OÕNeill et al., 2008) . Polar adaptation measures going beyond general climate awareness because awareness, information, and understanding are not enough to change peopleÕs habits of mind and practice (Moser, 2010; Moser and Dilling, 2007) . For instance, dialogic, two-way forms of positive communication and collaboration seem to stimulate change more effectively (Lassen et al., 2011) . In addition, Thakadu et al. (2011) SheppardÕs approach to localize, visualize and connect climate change impacts and possible solutions through a narrative structure had been tested in local planning (Shaw et al. 2009 ), the current research applied the same theoretical framework to the development and implementation of an educational game. The resulting evaluation process analyzed whether 3D imagery and a virtual game environment were successful in increasing the perceived local relevance of climate change; individual responsibility;
and individual change of attitudes and behaviour. The evaluation used mixed methods from the social sciences to investigate student respondent perceptions of climate change and their own role in climate action quantitatively before and after playing the game;
and in-depth qualitative interviews with experts about their perception of the imagery in the game as well as asking about overall understanding, learning and motivation in relation to local climate change issues.
Methods

Game Design
Figure 1: Landscape visualization in Future Delta, including iconic tree species, atmospheric effects, and dynamics such as falling leaves.
The project comprises a game simulation with dynamic 3D visualizations of future local climate change scenarios to provide an environment for experiential learning tied to place attachment (Stirling, 2008; Dulic, 2006; Shedroff, 2001) . It builds on a foundation rich in research, experimentation, and production on the topic of climate change in Delta BC (Shaw et al. 2009 Players can explore the environment in search of information which appears in a panel detailing how many resources it would cost to implement technologies, such as solar panels in the neighbourhood, as well as listing the benefits and limitations associated with installing each particular mitigation/adaptation option. Players can choose different paths, such as mitigation versus adaptation, select different options, and learn about the alternate approaches through implementation, while fostering positive change through active decision making. Each time a player builds an improvement, their resources are modified (money is spent; CO2 is reduced, and so on). Once a measure is implemented it will appear visually in the game as a part of the environment. There are additional climate change impacts that appear with increasing frequency and intensity, such as flooding, storm surges, and heat waves that are linked to the playerÕs carbon footprint.
These environmental effects are visually represented through animation such as wind blowing, rain falling, water flooding etc., and accompanied by related sound effects.
In addition to its effect on the environment, each improvement has an effect on the people living in the neighbourhood. A player can interact with non-player characters and ask their opinions about the changes that have been made in the community. By carefully evaluating the information in order to benefit their virtual neighbourhood, the player is not only playing the game Ð but is also learning about real local issues of climate change mitigation and adaptation strategies, challenges and solutions. 
The Study: Empirical Test Methods
The exploratory study consists of quantitative and qualitative test methods and player observation. For the quantitative test, 24 students filled in pre-/post-questionnaires before and after using a prototype of the game in a 90 minute testing session. Posters had been put up for recruitment but the questionnaire showed that only three students participated because of the poster whereas all other students were either recruited by their peers (15) or by their professor (4). All participants received free lunch as an incentive. The Future Delta design team observed the student participant interaction with the game prototype in a classroom setting, primarily for refining the game through the iterative design process before presenting the final prototype. It is important to note that while the game prototype focused on the Corporation of Delta, the respondents were located in Kelowna BC. The students were primarily undergraduates from the In the quantitative pre-/post-questionnaires, respondents were asked to rate their level of concern, urgency, attitudes, understanding and sense of responsibility with regard to climate change impacts and actions; responsibility and willingness to change their individual behaviour before and after playing the game (Table 1) Dev. The qualitative test methods were in the form of expert interviews (cf. Wittmer and Singer, 1998) , which were conducted with 10 local and non-local experts from the fields of architecture, biology, geography, education, climate science, the game industry, and the Corporation of Delta. The expert interviews followed a script that ensured that all participants had a comparable 30-minute experience of the prototype game. While exploring the game, they were asked to Òthink-aloudÓ about their interaction in the game environment and their comments were audio recorded. After exploring the game, participants were asked additional questions from the interview script for approximately 20 minutes. The questions addressed the usability of the game interactions and its representational style (quality of representation) of the game, as well as asking about overall understanding, learning and motivation in relation to local climate change issues.
Post-Game Play Highs and Lows: Analyzing the Survey Results
The sample (n=26) of the quantitative survey originally consisted of 26 students younger than 39 years, 13 male and 13 female, with an average self-assessment of their computer game experience set at 3.43 on a scale from 1 to 5. Students had a minimum education level of a high school diploma; two students had a community college degree, five an undergraduate and one a postgraduate degree. As we know from their apologies, 8 students had to leave earlier due to a conflicting lecture and could not complete all sections of the post questionnaire. However, there is no evidence that the dropout was a reaction to the game or the survey or caused a systematic bias. In summary, the pre-/post-questions were analysed with a reduced sample (n=18).
The concern about climate change in the overall sample was rated as 3.44 on a scale of 1 (no concern) to 5 (high concern) with one respondent believing that climate is not a threat at all (Table 1 and Table 2 ). In the pre-questionnaire, the majority of respondents (9) -1.396c .163 Self-assessment of understanding local climate change impacts (10) -1.000b .317
Perceived time frame of climate change impacts from now (1) to 100 years (y) (11) -1.633b .102
Self-assessment of personal contribution (12) -1.089c .276
Self-assessment of understanding personal adaptation (13) -1.231c .218 Table 3 : Wilcoxon Signed Rank Test results showing significant changes of attitudes concern about local climate change impacts, support for more radical policies, and a shift toward taking local responsibility (n=18).
After playing the game, concern about climate change had significantly increased with regard to local climate change impacts (n=18, α=0.014) (Table 3) . However, these results have to be interpreted in light of the lack of place-based connection the respondents had to the flooding issues of Delta. It is also possible that a larger sample size will reveal correlations that are not apparent yet. In order to achieve a higher statistical power when testing the significance of changes in attitude, we will ensure a larger sample of respondents in the next round of testing (Future Delta 2.0).
However, the result matches the other key finding that a significant increase of respondents put more weight in the responsibility of local government (the median changed from 2.44 to 1.88 on a scale from 1 (very high responsibility for local government) to 5 (no responsibility), Table 1 and Table 3 ) than before playing the game (n=18; α=0.040). This finding is very promising for future game development as the Future Delta prototype focused on promoting climate change mitigation and adaptation solutions at the local policy level.
The game shows a strong potential to link the complexity of climate change challenges and solutions to a physical place by showing that this global phenomena has a local impact. The results also show that even though the physically located Kelowna test players were engaging with climate changes issues in the virtual Delta environment, they identified that the local Delta government has a role to play in acting on climate change. In the follow-up study, it is imperative that the evaluation of subsequent game play related to Future Delta be conducted with respondents from the Corporation of Delta.
The Conversation Starter: Qualitative Expert Interview Results
Important suggestions for game development by expert interview respondents were implemented in the current prototype and are summarized in the following paragraphs.
The main purpose of qualitative expert interviews was to contribute to the iterative game design cycle. The ten local and non-local experts were recruited specifically to evaluate and contribute to the game design from the perspective of their expertise in relationship to climate change and education. The experts came from the fields of architecture, biology, geography, education, climate science, the game industry, and the Corporation of Delta staff.
Three areas of analysis can be assessed based on the expert interviews: engagement through localized images; the perceived realism of future images and connecting the dots -learning outcomes.
Engagement through Localized Images
Future Delta game development was based on the premise that a response to climate change would be longer lasting and people will be more engaged if they encountered imagery showing climate change impacts in their own localities (Sheppard, 2012; Nicolson-Cole, 2005) . Overall, the game prototype was seen as having the potential for engaging players. Some difference was registered between experts that were not from Delta and the two expert respondents who actually live in Delta. A long-term potential was seen in the virtual space offering an experiential framework for engagement with local climate change issues and solutions. The virtual environment of the game could be very valuable because it offers the diverse choices for players to engage in decisionmaking about climate change solutions, adaptation options and mitigation. However it has been noted that clear feedback mechanisms and in-game evaluation of playersÕ choices, need to be significantly developed.
With regard to the choices the players made, visual and textual feedback was seen as very important. The game prototype has many options that provide in-game visual feedback, such as build a wind turbine or a dyke, and then see visually, the result of your action in game. When the technologies were installed, players needed more feedback as to whether or not their choice brought them closer to achieving the adaptation/mitigation objectives. According to the climate scientist expert, the scorecard was essential, so that players immediately could see whether they were doing well or not. It was also suggested that more balanced feedback be added to each item installed,
showing the negative and positive impacts of the players` decisions.
Others suggested including the whole environment in the feedback, e.g. birds, people, busy community gardens, and sounds etc. (see the following section on landscape perception). Overall, the visual feedback reflected that most of the changes, when implemented, were not as dramatic as players thought they would be. In conclusion, indepth feedback in the game space is one of the core tools used to orient the player in their learning and engagement. Effective feedback mechanisms must span across all aspects of the game play, such as consideration of the cognitive load and simulation, narrative structure and playability (Gee, 2007; Hwang et al., 2013) . Participating experts suggested a multitude of valuable ideas, some more challenging to implement than others. The suggestions that were easy to resolve were already implemented in the next iteration of the prototype, while more complex ideas are currently under development in Future Delta 2.0.
Perceived Realism of Future Images
As discussed earlier, traditional photography falls short of picturing the future impact of climate change. By extending the immersive quality of the image, 3D visualizations and interactive environments could provide an enhanced Òwindow into the future.Ó The
Future Delta evaluation study asked players if they perceived the images as realistic.
The quantitative survey led to a general ranking of how test players liked the virtual world overall; how highly they ranked the perceived realism of buildings, vegetation, interactions and the overall world; and how far they could recall specific items from Test players also noted the animated animals such as the seagulls in the game prototype.
Another local test player from Delta suggested that additional bird sounds could easily improve the representation of diverse bird wildlife in the area. The prototype used schematic people because realistic human animation in virtual landscapes is very difficult to achieve. Like animals, having people in the virtual environment was also (Thiagarajan, 1998) . The use of this type of game-based learning would benefit from a contextualized debriefing session and/or a reflective process led by a teacher or facilitator in order to extend the new knowledge into deeper understanding (Heinich et al., 1996; Thiagarajan, 1998) . This may increase the stated intention of promoting individual behaviour change through an interactive game environment.
Discussion: Limitations of the Study
The pre-questionnaire of Future Delta reveals that climate change is perceived as a spatially and temporally remote problem. This is consistent with other findings such as a United States survey with a larger pool of samples (Leiserowitz, 2006) . 
Conclusions
The quantitative results from the pre-/post questionnaire suggest that 3D imagery and interactive environments can change perceptions and a sense of local responsibility and support for more radical mitigation and adaptation policies. In consequence, more complex representations might raise support for public policies in a wider Òecosystem of changeÓ through interactive climate change dialogue and governance, facilitated through local leadership. Despite the small sample size, we think that both quantitative and qualitative results together form are a good basis for a follow up Future Delta 2.0 project, which will involve a much larger sample of high school students residing in Delta.
Instead of visualizing climate change through the reproduction of a limited palette of iconic images (DeLuca, 2009; Hulme, 2009; O«Neill and Nicholson-Cole, 2009; Doyle, 2007; Leiserowitz, 2006; Slocum, 2004; Bršnnimann, 2002) , the 3D imagery and interactive game environment in this study intentionally represented climate change as local, visual and connected. In consequence, climate change impacts were pictured locally and framed through the proactive message that individual and local community mitigation/adaptation options are possible. Bringing the realities of climate change to the local community level through images is technically and scientifically challenging.
However, the results show that the connection of climate change impacts with local, i.e.
personal and municipal concerns is key. Therefore, it is suggested that future research will engage local communities in an iterative game design process and game play with the assumption that the players, by virtue of their involvement, will want to be more personally connected to their municipal concerns.
